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With the discovery of superconductivity (SC) in LaFeAsO 1−x F x (T c = 27 K) the "iron age" of SC began. The largest transition temperature (T c = 56 K) in the family of iron based superconductors has been found in Sr 0.5 Sm 0.5 FeAsF. An approach considering only electron-phonon coupling as the Cooperpairing mechanism predicts critical temperatures of less than 1 K for these materials. This points to an alternative mechanism: The compelling model was suggested by Mazin et al., who considered a pairing mediated by antiferromagnetic (AFM) spin fluctuations [1] . The suggested connection between SC and magnetism is also confirmed experimentally. For example in FeSe the T c is enhanced by applying pressure (from 9 K to 37 K at 2 GPa). Application of pressure intensifies also the AFM spin fluctuations.
The aim of our research is to develop an ab initio approach to SC that allows us to reliably predict the critical temperatures in iron based superconductors. The idea is to calculate the magnetic fluctuations and include them into density functional theory (DFT) for SC. The fluctuations are studied using the longitudinal magnetic response function χ zz . Linearresponse-time-dependent-DFT is in principle an exact framework for the calculation of response functions [2] . However, in practice approximations to the exchange-correlation (xc) kernel f xc are necessary. In the present work the adiabatic local density approximation is applied and FeSe is considered as a test system [3] .
Experimentally FeSe is a paramagnetic (PM) metal. The crystal symmetry does not require a specific distance, z Se , of the Se layers with respect to the Fe layers. Our calculations reveal a very strong dependence of the electronic properties of the system on the value of z Se , which is demonstrated in Fig. 1 by the dramatic variations of the Fermi sur- face (FS). Also the magnetic state changes from PM at low z Se to AFM at larger values of this parameter. This indicates a proximity of the experimentally observed PM phase to a magnetic state. We use the sensitivity to z Se to investigate the variation of the spin fluctuations (SFs) while approaching the magnetic critical point. Far from the critical point (z Se = 0.662 Å), the Kohn-Sham (KS) and enhanced spectral function are small (Figs. 2(a)  and 2(b) ). Coming closer to the magnetic instability (z Se = 0.994 Å ) the KS spectral function changes strongly showing a characteristic peaked structure of intense Stoner excitations. Also the spectrum of the enhanced susceptibility evolves. Here the emerging peaks signify the formation of collective excitations (Fig.  2(d) ) in the PM phase, i.e. the paramagnons. The step to z Se = 1.104 Å does not lead to a strong change in the KS response. The effect on the enhanced susceptibility spectrum is, however, very strong revealing the sensitivity of the collective modes to the details of the electronic structure (cf. Figs. 
2(d) and 2(f)).
The system now comes close to the quantum critical point and features intense spin fluctuations. Note that the long-lived paramagnons form in the region of the q-ω plane, where the density of Stoner excitations is low.
To understand the nature of the excitations in the PM phase better, the spatial distribution of the magnetization corresponding to the paramagnons is considered (Fig. 3) . In general, the spin magnetization is predominantly localized around the Fe atoms. For paramagnons corresponding to the M-and G-points the Fe moments oscillate in phase, but at the X-point the oscillations on the two Fe sites are out of phase by 90
• (cf. Figs. 3(a) , 3(b) and 3(c)). In analogy with phonons, we can refer to the excitations with smaller phase between the moments as acoustic paramagnons and to the excitations with larger phase as optical paramagnons.
In DFT for SC the transition temperature is determined by the competition between two effects: Electron-electron interaction mediated by spin fluctuations and the electrostatic Coulomb repulsion. The insight into the SFs discussed above allows an estimation of the strength of the interaction mediated by these fluctuations. Vignale and Singwi [4] suggested the expression for the electron-electron inter- action mediated by SFs
To estimate the value of the interaction we evaluate matrix elements of U ↑↓ with respect to the KS wave functions. The largest matrix elements are obtained for momentum transfer close to q M corresponding to the lowest energy paramagnon excitations (Fig. 2(e) ). The maximal estimated value is ∼ 0.8 eV. The competing Coulomb repulsion is large for small momentum transfer. For intraband scattering within the pocket FS the matrix element has a value of ∼ 0.9 eV. These estimations give the same order of magnitude for the two interactions supporting the scenario of Cooperpairing mediated by SFs.
